The separation of chemical species from a complex mixture is often an important process in industry and chemical analysis. Liquid-membrane transport in which the extraction and stripping operations are combined in a single process reduces the solvent inventory requirement, and also allows the use of expensive and highly selective extractions, which otherwise would be uneconomic in solvent extractants. For these reasons, liquid-membrane transport has attracted worldwide attention, and much work has been directed toward developing methods for its application to the separation of various metal ions. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Proton-driven cation transport through a liquid membrane containing an ion-selective ionophore bearing a protondissociable moiety is one of the most effective separation techniques for a particular metal ion. [13] [14] [15] [16] In this membrane cation transport system, there is no need for the counter anion to counterbalance the positive charge, because the protondissociated ionophore, itself, acts as the counter anion of the complexing cation. Therefore, the cation transport ability is independent of the extent of hydrogen of a counter anion. Uphill transport against a cation concentration gradient is also feasible, since cations are transferred by the counter transport of protons.
Different methods for the specific transport of Cu(II) ions across a liquid membrane have been reported which have drawbacks of a slow rate for transport or a lack of high selectivity. [17] [18] [19] [20] [21] [22] For example, it has been reported that N,N′-bis(8-quinolyl)glutaramide can selectivily and effectively transport copper ion (63%) through a choloroform membrane after 2 days. 20 Therefore, the development of effective and specific systems for studying the transport of metal ions, particularly Cu(II), is a remarkable task from both practical and theoretical viewpoints.
1-(2-Pyridylazo)-2-naphthol (PAN) is a dye, which tends to form a complex with some metal ions. It is used as a photometric reagent (with or without extraction) for a wide variety of metal ions and as a metal indicator in chelatometric titration. To the best of our knowledge, no work on the use of PAN as a carrier in transport systems has been reported previously. In this paper we report that PAN is an excellent carrier for the high selectivity, rapid and uphill transport of Cu(II) ions through a liquid membrane.
Experimental

Reagents
PAN was purchased from Merck chemical company and used as received. Reagent-grade chloroform (Fluka) was used as a membrane organic solvent. A stock solution of copper (1.26 × 10 -2 mol/L) was prepared by dissolving an appropriate amount of Cu(NO3)2·3H2O (Fluka) in a 1000 mL calibrated flask and diluting to the mark with triply distilled water. The solution was standardized iodometrically. 23 Working solutions were prepared by suitable dilution of the stock solution. All other chemicals used in this study were of the highest purity available from either Merck or Fluka chemical companies and used without further purification. Triply distilled deionized water was used throughout.
Apparatus
A bulk-type liquid membrane cell ( Fig. 1 ) was used. The atomic-absorption spectrophotometer used for measuring the metal ion concentration was a Philips Pye Unicam SP9 instrument. pH measurements were made with a Corning 125 pH-meter using a combined glass electrode.
Procedure
All transport experiments were done at ambient temperature. For transporting a cation, such as Cu 2+ , across a liquid membrane, a bulk-type liquid membrane cell was used in this study (Fig. 1) .
A cylindrical glass cell (inside diameter of 4.0 cm) holding a glass tube (inside diameter of 2.0 cm), for separating the two aqueous phases, was used. The membrane phase in which the carrier was dissolved, lied below two aqueous phases, and bridged them. The inner aqueous phase (source phase) contained copper nitrate (5 mL, 1.26 × 10 -4 mol/L), which was adjusted to pH 7.0 with an ammonium buffer. The outer aqueous phase (receiving phase) contained sulfosalicylic acid (10 mL, 0.05 mol/L).
A chloroform solution (25 mL) containing 1 × 10 -3 mol/L PAN was used as a liquid-membrane phase. The organic layer was slowly stirred by a Teflon-coated magnetic bar (3 mm × 5 mm diameter). The cell was covered with an aluminum foil to minimize solvent evaporation. After allowing a period of time, the metal ion concentrations of both aqueous phases were measured by atomic-absorption spectroscopy along with a series of standard solutions which were made similarly, in order to convert the atomic-absorption signals to concentration units. The reproducibility was obtained as 2.2%.
A similar experiment was carried out in the absence of a carrier for a reference. The detailed conditions are included in the tables.
Results and Discussion
The dye PAN was introduced by Liu 24 and Bray 25 to the analytical field. This ligand has been used almost exclusively as a metallochromic indicator and as an extractive chelating agent for spectrophotometric and colorimetric determinations of submilligram amounts of metals. Although this reagent, itself, is rather unselective, by choosing the pH and masking reagent it is possible to attain selectivity. 26 Preliminary experiments showed that PAN reacts slowly with some metal ions. For example, it was investigated that the PAN chelate of cobalt is not formed at a sufficient rate at any pH. Because copper is one of the metal ions that reacts quickly with PAN, 27 copper(II) was chosen for this study for two reasons: selectivity and rate of extraction. In this study, we described the transport of copper(II) in a bulk liquid membrane using PAN as a carrier.
Effect of the pH of the source phase
The effect of the pH of the source phase on the efficiency of copper transport was investigated. The results revealed that the maximum copper transport occurs at pH 7 -8. At lower pH values there was a decrease in the percentage of copper(II) transport, probably due to a decrease of the ammonium concentration for exchanging a proton with Cu 2+ at the interface of the source/membrane phases. The efficiency of transport decreases at higher pH values, probably due to the complex formation of copper(II) ion and ammonia.
Effect of the concentration of ammonia solution in the source phase
In order to investigate the effect of the concentration of ammonia solution for buffer preparation, different concentrations of ammonia solution (between 0 -0.3 mol/L) in the source phase were used. The results show that the maximum transport occurred at a concentration of 0.1 mol/L of ammonia in the source phase. For this reason, a 0.1 mol/L ammonium concentration was selected for further studies.
Effect of the PAN concentration in the organic phase
In order to investigate the influence of the concentration of PAN in the organic phase on the transport efficiency of copper(II), different concentrations of PAN in the range of 0 -2 × 10 -3 mol/L in chloroform were used. According to the results, the percent transport of copper enhances with an increase in the carrier concentration in the organic phase. Maximum transport was occurred at a concentration of 1.0 × 10 -3 mol/L of PAN.
Thus, 1 × 10 -3 mol/L was chosen as the optimum concentration for further studies. Meanwhile, no transport of any metal ions occurred in the absence of an ionophore. Thus, it is evident that the concentration of PAN is important in determining the transport rate of copper from the source phase into the receiving phase.
Effect of the nature of the stripping agent on the transport efficiency of copper(II)
The transport of copper(II) in the presence of different compounds in the receiving phase was studied; results are given in Table 1 . As can be seen, the nature and composition of the receiving phase were found to have a significant influence on the copper(II) ion transport. The maximum transport occurred when sulfosalisylic acid was added in the receiving phase as a stripping agent for copper(II).
Regarding the fact that this transport is proton-driven, we had to make sure that sulfosalicylic acid is the best stripping agent for copper(II) transport. Therefore, the pH of all other compounds that were added in the receiving phase as stripping agents was adjusted by nitric acid to reach the pH of the sulfosalicylic acid solution. The experiment was then again performed under new conditions. It was found that although the tested stripping reagents, such as L-threonine and L-glycine, could strip copper from the membrane under the new pH condition, however the rate of transport was highest when sulfosalicylic acid was used as the stripping agent. Thus, sulfosalicylic acid was selected for further studies.
Effect of the sulfosalicylic acid concentration in the receiving phase
The effect of the sulfosalicylic acid concentration in the range of 0.001 -0.1 mol/L in the receiving phase was also investigated. The results show that an increase in the sulfosalicylic acid concentration of up to 0.05 mol/L increases the efficiency of copper(II) transport. A further increase in the sulfosalicylic acid concentration did not improve the efficiency of copper(II) transport. For this reason, 0.05 mol/L of the sulfosalicylic acid concentration was selected for further studies. Figure 2 shows the time dependence of copper(II) transport through the liquid membrane under the optimum experimental conditions. It is obvious that, an increase in time increased the percentage transport of copper(II) to the receiving phase, and decreased the percentage of copper(II) remaining in the source phase for up to 100 min. After this time, the concentrations of Table 1 Effect of the presence of various compounds in receiving phase on transport efficiency of copper(II) a copper(II) in the aqueous phases were independent of time and the transport was completed (100%).
Effect of time
Reproducibility of bulk liquid membrane
The reproducibility of copper transport was investigated and the percent of metal ion transported after 100 min obtained from ten replicate measurements was found to be 96.2 ± 2.2%.
Selectivity of the system
In order to investigate the selectivity of the above system for the transport of copper(II) over other cations, equimolar mixtures of copper ion and some other cations were placed in the source phase. Then transport of these mixtures was investigated under pH 7 and 8 for the source phase, regarding the fact that the optimum pH for source phase was 7 -8 ( Table  2) . A comparison of the results in the table depicts that the efficiency of copper(II) transport at pH 7 is less than pH 8. However, with regard to the result that all the metal ions used as interference at pH 7 remain in the source phase more than at pH 8, and that none of them enters into the receiving phase at pH 7, the selectivity of this system at pH 7 is more than at pH 8. Thus, these results signify the fact that the selectivity of this system depends on the type of stripping agent and the selection of an appropriate pH for the source phase.
Suggested mechanism
In order to suggest a mechanism for the transport of copper(II), the pH values of the source and receiving phases were measured before and after copper(II) transport. The increase in the pH of source phase and the decrease of the pH of receiving phase prove that the mechanism is proton-driven. That is, the transport phenomenon is based on a deprotonationprotonation cycle of PAN in the membrane interfaces of the source and the receiving phases, respectively. The copper(II) ion forms a complex with a proton-dissociated ionophore (PAN -) to be extracted from the source phase into the membrane phase. In the interface between the membrane and the receiving phase, the copper complex of PAN should be protonated and release copper into the receiving phase; then, the protonated ionophore would be transferred through the membrane phase to the interface of the source phase.
Conclusions
A transport system for copper(II) ion through a bulk-liquid membrane system containing PAN as a carrier was studied. It was found that PAN is an excellent carrier for the selective and efficient transport of copper(II). This high selectivity is due to the fact that, at the pH chosen for the source phase, most of the ions mentioned react with PAN only slightly, or react with PAN much more slowly than does with copper. According to the literature, it may be expected that some of the metal ions that were not investigated, such as uranium(IV), thallium(III), indium, titanium and rare earths, will not interfere, because of partial extraction in the pH range used. [28] [29] [30] This study demonstrates the usefulness of the liquidmembrane technique for making it possible to combine extraction and stripping operations in a single process and reducing the solvent inventory requirements. In conclusion, therefore, the above system, which is highly selective for copper(II) is a potential candidate for practical use in copper separation. The system especially, has the advantages of low solvent requirement with high precision, efficiency and selectivity together with simplicity and speed. 
